In light of the growing intermediate goods trade, the WTO, the OECD, and the United Nations have emphasized the importance of a new concept of trade in value-added (TiVA) in place of traditional gross trade. Using this new concept, this study further develops theoretical and empirical research on Russia's global trade network generated by value-added chains. First, based on global and local equilibrium conditions of a global input-output model, we prove the fundamental theorem on the relationship between gross trade balances in value-added and gross terms: the total sum of a country's (country r) trade balances with many countries (countries 1, 2,…, s, …, R; s ≠ r) in value-added equals that in gross terms, namely, the total sum of differentials between country r's trade balances with country s in value-added and gross terms equals 
Introduction
In view of the development of the intermediate goods trade, Johnson and Noguera (2012) and the WTO and Institute of Developing Economies (IDE) (2011) proposed a new concept of trade in value-added (TiVA) in place of conventional trade in gross terms. The WTO and OECD also provided empirical results based on some international input-output tables. The global trade network captured and generated by TiVA is called a global value chain (GVC). The new concept of value-added exports from an origin country to a destination country is defined as the origin country's value-added induced by the destination country's final demand, excluding intermediate goods exports, for the world. In this study, we present an alternative definition of value-added trade based on the study of Trefler and Zhu (2012) , and prove that this alternative definition is bilaterally equivalent to the definition of TiVA. Further, using a general framework, we prove a fundamental theorem on the identity between the total sum of a country's value-added trade balances and gross trade balances (net "gross exports" or net exports). That is to say, the total sum of differentials between balances in value-added and those in gross terms equals zero. We also prove that a country's total factor content of trade is simply net exports in conventional terminology. Employing several versions of aggregated World Input-Output data (WIOD; see Timmer et al. 2012), we demonstrate evidence supporting the theorem. This study presents our analysis of Russia's GVC based on a modified version of the original WIOD.
Modifications introduced concern only about Russia's trade flows and value-added for sectors related to oil (both crude and refined) and natural gas that are the key sectors of the present Russian as well as EU economies. We also explain the needs and procedures for the modifications in detail.
Model
Following Isard (1951) and Johnson and Noriega (2012) , we reproduce an inter-country multi-sector model in a general framework. 1 We assume that there are r, s =1, 2, …, R countries (areas or regions), each of which produces and inputs r(i), s(j) = 1, 2, .., n products. We further assume the classical Leontief open input-output model with fixed input coefficients and final demand for each country. In this model, each sector produces a single commodity without joint production. We regard the last country R as ROW. We consider an international inputoutput system not in physical terms but in value terms. Table 1 shows the basic data structure of the system.  I: an (n × R) dimensional identity matrix; and  I n : an n-dimensional identity matrix.
We assume that non-negative matrixes A and A rr are productive.
Denoting X * as the equilibrium output vector, the global equilibrium (market clearing) condition for an Isard type of non-competitive inter-country multi-sector input-output table in value terms can be written as: * = * + ; * = , where = ( − ) − , .
Overall output * * and country r's output * * , induced by a fixed destination country *s's final demand * , are given by * * = * * + * = ( − ) − * ; * * = Σ * * + * .
This equation is essential for the definition of value-added exports.
By the given definitions of and , we have * = Σ * * ; * * = Σ ( ) * * .
Country r's gross exports to country s, denoted as , are given by = * + ( ≠ ). Hence, the local equilibrium (market clearing) condition that each country must satisfy is given by by virtue of definitions of input coefficients and value-added ratios, we have
Therefore, value-added ratios are given by
where = (1,1,…,1) (1×(n×R)) and = (1,1, … ,1) (1×n) are aggregation vectors of unities. That is to say, the price vector associated with an input-output system in value terms always equals an aggregation vector.
Definitions and theorems for value-added trade
The new concept of value-added trade is defined as follows: 
Country r's gross trade balance with country s is defined as
Using Definition 1, we obtain the following theorem: Theorem 1. (Fundamental theorem; Stehrer 2012 , Benedetto 2012 , and Kuboniwa 2014a . The identity between the total sum of a country's trade balances with many countries in value-added and in gross terms. For s ≠ r 1 + 2 + ⋯ + + ⋯ + = 1 + 2 + ⋯ + + ⋯ + ;
Proof
We consider origin country 1's trade with destination countries 2, 3, …,s,… R (r = 1; s = 2, 3, …,R) without loss of generality. Then, by virtue of equations (1) Corresponding to Definition 1, we can define a country's factor content of trade employed worldwide to produce the country's net trade vector as follows:
exports in the case with many countries and sectors:
We consider the following equation for country r's gross output vector employed to produce the country's net trade vector for r = 1, 2, …,R (r ≠ s) in the case that country r exports to and imports from countries 1, …, s,…, R (s ≠ r): . s * * ( × 1) is country r's gross output vector employed worldwide to produce the gross exports of country r to country s or the gross imports of country s from country r. Then, the factor content of gross exports from origin country r to destination country s is defined as ̂ * * . The total factor content of gross exports from origin country r to destination country s amounts to * * .
As proven by Kuboniwa (2014b) , we obtain * * = * ,̂ * * =̂ * and * * = * for r, s=1, 2,…., R (s≠r). That is to say, we arrive at the following equivalence theorem: 
This implies the following theorem, which is essentially Theorem 1.
Theorem 1'.
Country r's total factor content of trade is simply its total gross trade balance (net "gross exports") or net exports in conventional terminology.
Data: constructing a modified version of WIOD (M-WIOD)
We employ an aggregated version of WIOD with eight countries (BRIC, the USA, the EU, Japan, and ROW) and 20 sectors for 2005 and 2010 (for sector classification, see Table A1 in the appendix). Needless to say, WIOD is well designed and completed. However, as for Russia's major exports and the value-added of mining and oil products, the original WIOD may suffer from serious underestimation due to Russia's statistical and institutional singularity. Therefore, we try to convert the original WIOD to its modified version, i.e., M-WIOD, to improve our understanding of Russia's international input-output relations. Clearly, we need further improvements in WIOD to decrease this substantial gap.
As is well known, Russia's major exports comprise oil and gas with the EU (EU27 then and EU28 now) being its major export destination for these goods. Exports of crude oil and natural gas are recorded in the mining industry, and those of oil products are included in the coke, refined petroleum products, and nuclear fuel industry in WIOD, t h e OECD STAN bilateral trade database, and t h e Rosstat national accounts. Table 3 shows data on Russia's exports of mining and oil products to the world, as provided by WIOD and OECD. We note that the OECD data are exactly derived from Russia's official data. The OECD data on mining exports (Free on Board ( smaller than the figures given in the official data by about 65%. Given that Russia's total exports (FOB) of mining and oil products industries also form the initial basis for destination importers, these discrepancies between the original WIOD and Russian official data are rather serious for international input-output data. Distribution of the total exports (FOB) of oil products and mining except for natural gas among import countries i s a n easy t a sk due to OECD data (FOB) availability by country. However, data on natural gas exports (FOB) in US$ by country have not been published in order to avoid violating the privacy of the world largest gas giant, Gazprom. It should be noted that the category "extraction of crude oil and gas" in OECD data by country covers only crude oil. This has rather serious implications for the EU, which heavily depends on Russia's natural gas. 2 As physical quantity export data in thousand cubic meter (tcm) by country are available, we estimate Russia's natural gas exports to the EU27 in US$ using the German borderline natural gas price/tcm as a proxy for Russia's natural gas exports (FOB) in US$ to the EU. As natural gas is not exported to Brazil, China, India, Japan, and the USA due to the absence of gas pipelines, we do not have to estimate natural gas exports to these countries. Natural gas exports to ROW are estimated by the residual.
An estimate of Russia's exports of mining, including natural gas and oil products, is shown in Table 4 along with the original WIOD. Conversion rates from WIOD to our M-WIOD for mining and oil products are not at all small. We uniformly apply these conversion rates to Russia's export rows of mining and oil products to the EU27. Notes: Column f is estimated by natural gas exports in cubic meter (CEIC) ×German border gas price (IMF)×0.93 (adjustment rate for gas pressure of Russian natural gas in Europe).
We also modify Russia's exports of mining and oil products to five other countries and ROW, employing OECD data and our estimates. As the OECD export data (FOB) for mining and oil products include both export taxes and trade and transport (T&T) margins, we have to subtract these margins from exports of the T&T industry in the original WIOD. Table 5 shows the results and conversion rates for 2005 and 2010.
We uniformly apply these conversion rates to Russia's export rows of mining, oil products, and T&T industries to each country. The operations of additions and subtractions of exports in these three industries lead to an increase in the coverage of exports of input-output data in the official System of National Accounts (SNA) from 85% to 94%. We do not modify sectoral value-added and output in any countries/regions other than Russia. All changes in intermediate inputs arising from modification of Russia's export flows are absorbed into an additional dummy row vector to adjust for given intermediate inputs.
Row-wise modifications of the exports of three industries should be linked to column-wise ones of these industries' value-added. Table 6 shows our estimates of value-added in mining, oil products, and T&T for 2005-2013. Our estimates of value-added in mining, oil products, and T&T industries at basic prices are about 2 times, 1.5 times, and 0.85 times the official data, respectively. Notes: Rows (7+9) and (8+10) are estimated by the difference between exports in foreign trade prices (CEIC) and those in domestic basic prices (Rosstat). Rows 9 and 10 are residuals.
Unlike other oil/gas-rich countries such as Norway, Russia imposes taxes on exported crude oil, refined oil, and natural gas in place of corporate income taxes.
Furthermore, all oil and gas company revenues (net of export taxes) from exports that are generated by the difference between higher international prices and lower domestic basic prices are recorded as T&T margins in the national accounts. This method results in an underestimation of the value-added of oil and gas and GDP of Russia (Kuboniwa et countries. Therefore, we perform two-step modifications for the WIOD and the official SNA as well.
Step 1. All taxes on oil and gas exports are regarded as corporate taxes on the oil and gas industries, as in Norway. This requires export taxes to be added to exports of mining and oil products (row) at domestic basic prices and to the official value-added of these industries at basic prices (column).
Step 2. All T&T margins for oil and gas exports should be transferred to the value-added of mining and oil products industries, as in Norway.
When we modify the WIOD using these procedures, we can obtain meaningful data on Russia's value-added and exports (FOB). According to the OECD data on oil and gas exports, we have to increase value-added and output at basic prices by both export taxes and T&T margins as well as reduce the value-added and output of the T&T industry by margin transfers to the mining and oil products industries. Table 7 is rather higher than the value-added ratios for the oil products industry in other countries. However, this change may be reasonable because intermediate inputs of crude oil in the oil products industry are still evaluated at domestic prices, which are lower than international prices, and exports of oil products generate rents for the industry.
Our combination of WIOD with official data or estimate results are presented in Table 8 , which shows data on Russia's total output and GDP for 2005 and 2010 in WIOD, official statistics, and M-WIOD. We do not intend to revise Russia's official GDP at current market prices because it should rather be regarded as the control total for our estimates. As for 2005, our estimate, which is greater than that in WIOD, is sufficiently close to the official GDP. Our estimate for 2010 is greater than that in WIOD. However, it is smaller than the official GDP by 2.7%. Methods to further improve our estimates will be devised in our future work.
Modification of exports also requires changes in domestic intermediate demand (row), given domestic final demand of WIOD and export and output estimates. (5') Accordingly, in the world with many countries and sectors, equation (9) Using M-WIOD, we can calculate value-added trade balances (net "value-added exports") for Russia with BICs (Brazil, India, and China), Japan, the EU27, the USA, and ROW (r = Russia). 
Gross balances
Value-added balances US$1.2 billion (US$10 billion), which is 60% (59%) smaller than the gross trade imbalance due to the low value-added ratio of China's textile industry, as shown in Table 10 . The value-added trade imbalance of textiles in 2005 (2010) is US$0.5 billion (US$2.4 billion), which is 71% (68%) smaller than the gross trade imbalance due to the extremely low value-added ratio of China's electronic equipment industry. These changes in trade imbalances with China for textiles and electronic equipment also play a decisive role in understanding the USA's trade imbalances with China. (2010) is US$2.9 billion (US$5 billion), which is 7.5 times (2.2 times) the gross trade balance. We might conclude that the USA is a desirable trade partner for Russia in light of the value-added generated by gross exports of crude and refined oil and T&T. billion), and US$0.7 billion (US$1.6 billion), respectively, which are 2.3 times (8.4%), 22 times (18 times), and 30 times (7 times) larger than the respective gross trade balances. These provide Russia with value-added exports much larger than gross exports, as shown by Table 11 . However, VAX may show some decline as the level of gross exports becomes higher.
The value-added balances with Japan and Brazil for oil products in 2005 (2010) are US$0.3 billion (US$1.1 billion) and US$0.1 billion (US$0.3 billion), respectively, which are 4.6 times and 3.7 times larger (47% and 21% smaller) than the respective gross balances. As gross exports increase from a sufficiently low to a higher level, value-added exports and balances appear to be normalized. The value-added 30 balances with India for oil products in 2005 (2010) are US$0.1 billion (US$0.2 billion), which is 4.4 times (53%) larger than the gross balance. This change with the paradigm shift might be due to a sufficiently low level of Russian oil product exports to India. Another source of trade balance with India is the metals and metal products industry.
The value-added trade balance of the metals and metal products industry with India in
2005 (2010) is US$0.3 billion (US$0.2 billion), which is 39% (24%) lower than the gross trade balance. These changes in trade balances with the paradigm shift can be easily understood, considering the respective value-added ratios (Table 10 ).
The major source of Russia's trade imbalance with Japan is transport equipment, including passenger automobiles. The value-added imbalance with Japan for transport equipment in 2005 (20010) is US$3.8 billion (US$3.9 billion), which is 58% (60%) lower than the gross trade imbalance. This change with the paradigm shift is brought about by the relatively low value-added ratio of transport equipment in Japan (2010) is US$0.1 billion (US$0.5 billion), which is 58% (63%) smaller than the gross trade imbalance due to the Indian value-added ratio of textiles (Table 10 ). (2010) is US$2 billion (US$10.8 billion), which is 59% (60%) lower than the gross trade imbalance. (2010) is US$6.2 billion (US$28.6 billion), which is 59% (60%) smaller than the gross trade imbalance. We note that Russia has experienced a boost in imports due to large increases in international oil prices and its mining activities in the 2000s (Kuboniwa 2012) .
As shown by Theorem 1 and Figure 1 , overall, Russia's total value-added balance (net "value-added exports") with the world in 2005 (2010), US$114.9 billion (US$134.6 billion), exactly equals its total gross trade balance (net "gross exports" or net exports) with the world, adjusted for the dummy. That is to say, Russia's factor content of trade simply means net exports in conventional terminology.
Judging from the shares of trade balances and changes in trade balances with the paradigm shift, one may conclude that Russia's trade structure is rather good because mining exports that contribute to a substantial amount of the value-added balance and value-added imports of machinery products, textiles, and agriculture are much lower than respective gross imports. Furthermore, one may conclude that Russia should specialize in mining with high value-added exports. However, we should also consider Russia's limited capacity for mining exports to increase per capita GDP, paying special attention to the relationship between the total gross trade balance and the total value-added balance. Diversification of the economy by developing further machinery products with higher net "gross exports" still remains Russia's main policy agenda (Kuboniwa 2012 and 2014c) .
Lastly, we would like to investigate changes in Russia's value-added exports for mining with the paradigm shift, which differ by destination countries (Table 11 ), in detail. Table 13 shows the top 25 contributors (of 160 factors) to Russia's value-added exports for mining to the USA in 2010 using M-WIOD. We note that Russia's value-added ratio for mining in 2010 is 0.781, and its gross exports to the USA from mining are US$4.2 billion. Column 3 of Table 13 is given by column 1 × column 2 × 0.781. As seen from the table, huge amounts of the USA's own final demand for public administration, T&T, and other services generate relatively large amounts of Russia's value-added exports to the USA, despite very low levels of elements of the Leontief inverse. The USA's own final demand for oil products as well as its final demand imports of oil products from the EU and ROW generates Russia's value-added to the USA due to relatively high levels of elements of the Leontief inverse. The USA's final demand imports of electronic equipment from China and ROW also induce Russia's value-added from mining to the USA through the Leontief inverse. These result in Russia's value-added exports of mining to the USA, which are 3.8 times gross exports (Table 11 ). The USA's value-added exports from mining to Russia (Russian imports from the USA) are 6.4 times gross exports (Table 12 ). This change is higher than the case for Russia's exports to the USA. However, the level of USA's gross exports from mining to Russia is rather small. Therefore, Russia's value-added trade balance with the USA for mining is still 3.4 times its gross trade balance. contribute to Russia's value-added exports to China for mining. In addition, China's final demand imports of transport and electronic equipment from Japan slightly contribute to Russia's value-added exports to China for mining. These lead to Russia's value-added exports of mining to China, which are 1.3 times the gross exports (Table   11 ). Sources: WIOD and author's estimates.
Concluding remarks
The growing global intermediate goods trade requires further investigation from both theoretical and empirical perspectives in international trade. We tried to further develop the theory of value-added trade and conduct an empirical analysis of Russia's value chains using a modified version of WIOD. Although we modified the original WIOD in relation to Russia's exports of oil and gas, further investigation of these modifications element by element remains a future task. We also need to further study the relationships between long-run economic growth and value-added trade.
